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Introduction
Dementia refers to a significant cognitive decline from a previous level of performance which interferes with independence in everyday activities. However, the "non-cognitive" neuropsychiatric symptoms, or the behavioural and psychological symptoms of dementia (BPSD), are equally important disease manifestations. They are present in a majority of dementia patients and prevail in all types and stages of dementia, although their proportions vary [1, 2] . The BPSD have several domains which show differences among the various types of dementia, with studies showing predominance of hallucinations in dementia with Lewy bodies (DLB), of depression and apathy in vascular dementia (VaD), of apathy, disinhibition, elation, appetite or eating changes in frontotemporal dementia (FTD), and of apathy, agitation, depression, anxiety, irritability, and sleep disorders for Alzheimer disease (AD) [1, [3] [4] [5] . These lead to increased institutionalisation [6] and cause significant caregiver distress [7] .
There are studies regarding correlates of BPSD, including disease characteristics and demographic factors, but the results are not always congruent [8] and published data on the prevalence rates of BPSD vary [5] . These contradictions may be due to differing study parameters and definitions or due to variations inherent to the different study populations. With regard to India, there are very few studies on BPSD from this ethnically diverse country [9] [10] [11] [12] . Here, we determined BPSD in a hospital-based study population from the eastern region of India, and showed its correlation with various factors, including types of dementia, patient demographics, and other disease characteristics. We also evaluate the effect of BPSD on caregiver distress.
Methods

Patients
Consecutive dementia patients, diagnosed as per the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) criteria [13] , attending the cognitive clinic of the institute was included in this cross-sectional study along with their caregivers. The caregiver was considered to be the person who provided regular care/management to the patient and who spent most of the time with the person with dementia. For illiterate patients/caregivers we read out the items (as applicable). The demographic profiles of the patients were noted followed by thorough history and examination. Detailed assessment of cognitive function was performed using standard assessment tools. This was based on the Kolkata Cognitive Battery, the Revised Version of Addenbrooke's Cognitive Examination (ACE-R), and the Frontal Assessment Battery. Additionally, we also tested domains of cognitive functions using standard tests. Every patient was assessed by a single investigator (A.M.), and a consensus diagnosis was made after discussion with other investigators (A.B. and S.K.D.). Relevant haematological, biochemical, and serological investigations were done along with neuroimaging (magnetic resonance imaging of the brain using the Siemens 3 Tesla MAGNETOM ® Verio scanner).
Standard criteria were used to classify the dementias: the National Institute of Neurological and Communicative Disorders and Stroke (NINCDS) and the Alzheimer's Disease and Related Disorders Association (ADRDA) (NINCDS-ADRDA) criteria for Alzheimer Disease [14] , the International Consensus Criteria for Behavioural Variant FTD [15] , the Criteria for the Classification of Primary Progressive Aphasia and Its Variants [16] , the Consensus Diagnostic Criteria for Dementia with Lewy Bodies [17] , and the National Institute of Neurological Disorders and Stroke (NINDS) Association Internationale pour la Recherche et l'Enseignement en Neurosciences (AIREN) (NINDS AIREN) criteria for Vascular Dementia [18] ; mixed
Study Tools
The staging of dementia severity was performed by the Clinical Dementia Rating (CDR) scale [19, 20] . There are six domains assessed: memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care. Two sets of scores were calculated: Global CDR (CDR-G) scores and CDR sum of boxes (CDR-SOB) scores. CDR-G scores give the following stages of dementia (CDR 0 indicates no cognitive impairment): CDR 0.5, very mild dementia; CDR 1, mild dementia; CDR 2, moderate dementia; CDR 3, severe dementia.
The Instrumental Activities of Daily Living (IADL) were assessed by the IADL in the elderly (IADL-E) scale, and we used the Cognitive Disability Index (IADL CDI) [21] . There are 11 IADL items, and the IADL CDI is derived as the sum of the disability ratings due to cognitive impairment (i.e., cognitive disability score) divided by the product of the maximum possible "disability" on an item (i.e., 2) and the number of items reported applicable.
Assessment of the BPSD was performed with the Neuropsychiatric Inventory (NPI), which was originally developed by Cummings et al. to provide a means of assessing neuropsychiatric symptoms of patients with AD and other neurodegenerative disorders [22, 23] . Ten behavioural (delusions, hallucinations, agitation/aggression, depression/dysphoria, anxiety, elation/euphoria, apathy/indifference, disinhibition, irritability/lability, and aberrant motor behaviour) and two neurovegetative areas (sleep and nighttime behaviour disorders, and appetite and eating disorders) are included in the NPI. We used the 12-item score.
The distress scale of this instrument (NPI-D) [24] was used to assess the caregiver distress, for which the total distress score was generated by adding together the scores of the individual NPI distress questions, and we used the 12-item score. We had previous experience of using the NPI in our population [25] .
Statistical Analysis
Categorical variables are expressed as number and percentage and compared across the groups using the Pearson χ 2 test for independence of attributes. Continuous variables are expressed as mean ± standard deviation and were compared across groups using the MannWhitney U test or the Kruskal-Wallis test as applicable. Associations between continuous variables were obtained by the Spearman rank correlation coefficient. Multivariate analysis was performed using a multiple linear regression model to capture the impact of individual BPSD domains on caregiver distress (NPI-D). The statistical software SPSS version 20 was used for the analysis. Any p value ≤0.05 was taken to be statistically significant.
Results
Demographic and Clinical Profile
A total of 107 consecutive dementia patients were included in the study. The different types of dementia were AD 61.7%, FTD (all behavioural variant FTD) 17.8%, VaD 10.3%, mixed dementia 6.5%, and DLB 3.7%. Mean age was 66.6 ± 9.36 years (range 36-90 years). FTD patients were younger (p = 0.005); rural patients were younger than urban residents (p = 0.006). While 65.4% of the cohort were male, 71% were urban residents. The level of education (p = 0.652) and community of residence (p = 0.054) were similar among the different types of dementia; however, there were more female patients in the AD group (p = 0.017) ( Table 1) . The mean CDR-SOB score was 9.97 ± 4.12. According to CDR-G stages, 6.5% had very mild dementia (CDR-G score 0.5), 77.6% had mild to moderate dementia (CDR-G scores 1 and 2), and 15.9% had severe dementia (CDR-G score 3). The mean IADL CDI score was 58.88 ± 20.76. The severity of dementia (p = 0.568 for CDR-SOB, p = 0.654 for CDR-G) and impairment of IADL (p = 0.138) were similar among the different types of dementia.
Neuropsychiatric Profile
Almost all patients (99.1%) had at least 1 BPSD, and 71% had 4 or more symptoms of BPSD. The overall NPI 12-item score was 27.42 ± 18.24 (range 0-72). Of the individual BPSD domains, apathy/indifference was the most frequent (72.9%), followed by agitation/ aggression (68.2%), irritability/lability (59.8%), sleep and nighttime behaviour disorders (58.9%), depression/dysphoria (56.1%), appetite and eating disorders (52.3%), and anxiety (51.4%). Aberrant motor behaviour (31.8%), delusions (29%), and hallucinations (23.4%) were less frequent, while disinhibition (13.1%) and elation/euphoria (9.3%) were rare.
Although the number of BPSD present (considering the occurrence of 0/1/2/3/≥4 symptoms) was similar in the different types of dementia (p = 0.415), the magnitude of BPSD when measured by the overall NPI 12-item score was significantly higher in FTD followed by DLB, lower in mixed dementia and AD, and least in VaD (p = 0.026). Hallucinations were more common in DLB (present in all cases) (p = 0.008), and aberrant motor behaviour was more frequent in FTD (present in 68.42% of cases) (p = 0.003) ( Table 2 ). Other BPSD domains showed variations according to the types of dementia which did not reach statistical significance; e.g., FTD had more disinhibition while VaD had relatively less agitation and mixed dementia had less appetite and eating disorders. Among the various types of dementia, some BPSD had a frequency of ≥50%: AD patients had predominantly apathy, agitation, irritability, depression, sleep disorders and anxiety, FTD patients had agitation, apathy, appetite and eating disorders, aberrant motor behaviour, sleep disorders, and irritability, VaD patients had depression, anxiety, apathy, and irritability, mixed dementia patients had agitation, irritability, apathy, depression, and sleep disorders, and DLB patients had hallucinations, agitation, apathy, sleep disorders, delusions, depression, anxiety, irritability, and appetite and eating disorders (Fig. 1) .
The overall number (p < 0.001) and magnitude (p < 0.001) of BPSD increased with the severity of dementia, and the NPI 12-item score showed strongly positive correlation with increasing CDR-SOB scores (r S = 0.626, p < 0.001). All individual BPSD domains, except for anxiety and elation, showed a significant positive correlation with increasing severity of dementia (especially agitation, apathy, sleep disorders, appetite and eating disorders, and aberrant motor behaviour). Delusion, hallucinations, and depression were more prominent in moderate severity of dementia. Overall, BPSD along with all the individual domains, except for hallucinations, anxiety, elation, and aberrant motor behaviour, showed significant positive correlation with the duration of dementia. Similarly, BPSD showed a significant positive correlation with IADL CDI, except for anxiety and elation. Overall, BPSD (r S = -0.239, p = 0.013) and individually aberrant motor behaviour (r S = -0.279, p = 0.004) and apathy (r S = -0.250, p = 0.009) showed significant negative correlation with age. Agitation was more common in males (p = 0.012). Apathy (p = 0.009) and appetite and eating disorders (p = 0.025) were more prevalent in the rural community (Table 3) . There was no difference in BPSD among the various levels of education. Values are presented as mean ± SD or n (%). BPSD, behavioural and psychological symptoms of dementia; NPI, Neuropsychiatric Inventory.
Discussion
In this study, AD was the most common type of dementia followed by FTD, VaD, and mixed dementia, DLB being the rarest. Being a clinic-based study, this does not reflect the pattern in the community. Nevertheless, in contrast to data from western countries [26] , a comparatively lower proportion of DLB and a higher proportion of VaD and FTD has also been reported from India [27] . The mean age at presentation was 66.6 years. Similarly, younger age at presentation of dementia has also been reported by other Indian studies [27] . AD had a greater proportion of female patients compared to other dementias; however, the overall majority of patients in this study were males. In this study, a majority (77.6%) had mild to moderate dementia, while 15.9% had severe dementia and 6.5% had very mild dementia. The different types of dementia showed no significant difference regarding severity of dementia or impairment of IADL.
Almost every patient in our study (99.1%) had at least 1 BPSD, and the majority had multiple such symptoms. This corroborates with previous studies [1, 3, 10] . Thus, BPSD are almost universally present in dementia patients if enquired properly. The most frequent BPSD in our study were apathy and agitation. Apathy and agitation have been found to be the most common neuropsychiatric symptoms in quite a few studies. Other common BPSD have been depression, anxiety, irritability, and sleep disorders [28] [29] [30] , whereas euphoria/elation have been the least common symptoms [31] . It has further been described that nearly 50% of dementia patients have at least 4 neuropsychiatric symptoms simultaneously [8] . Our study showed similar results, with 71% patients having ≥4 neuropsychiatric symptoms.
The overall magnitude of BPSD was higher in FTD followed by DLB, lower in mixed dementia and AD, and least in VaD. This is understandable because in FTD, the fronto-subcortical networks responsible for various behavioural symptoms are involved early, and in DLB, the psychiatric manifestations form an integral part of the diagnosis. Other studies have similarly shown a higher degree of BPSD in DLB and FTD [1, 32] . Our study showed less BPSD in VaD. Although there are reports contrary to this [1] , other Indian studies have showed less BPSD in VaD compared to AD [9] .
In our study, hallucinations were more common in DLB and aberrant motor behaviour was more frequent in FTD. Although statistical significance was not achieved, disinhibition was more common in FTD, while agitation and eating disorders were less common in VaD and mixed dementia, respectively. A study on dementia type-specific BPSD showed predominance of hallucinations in DLB, activity disturbances in FTD, anxiety and phobias in AD, and affective disturbance in VaD [1] . An Indian study noted that aberrant motor behaviour, disinhibition, and appetite/eating disturbances could differentiate FTD from AD and VaD, but found no difference between AD and VaD [12] . We also observed some pattern in BPSD in dementia subtypes. While AD patients predominantly showed apathy, agitation, irritability, depression, sleep disorders, and anxiety, FTD patients showed agitation, apathy, appetite and eating disorders, aberrant motor behaviour, sleep disorders, irritability, disinhibition, and elation; VaD patients had depression, anxiety, apathy, and irritability; mixed dementia patients showed agitation, irritability, apathy, depression, and sleep disorders; DLB patients had hallucinations, agitation, apathy, sleep disorders, delusions, depression, anxiety, irritability, and appetite and eating disorders. Visual hallucinations are one of the core diagnostic features of DLB, hence their abundance. Preferential disruption of the orbitofrontal-subcortical circuit in FTD might explain the prominence of symptoms such as disinhibition. As for most of the other symptoms, the lack of any significant difference among the dementia subtypes indicates that the neuroanatomical substrates for these BPSD are involved in all types of dementia. This may be explained by the involvement of different components of the same cognitive-behavioural networks depending on the predominant cortical/subcortical location of the pathology among the different types of dementia. Thus, in our study, although the BPSD symptoms formed clusters according to the different types of dementia, other than hallucinations in DLB, aberrant motor behaviour and to some extent disinhibition in FTD, other symptoms of BPSD were more or less overlapping and probably not very disease specific.
All BPSD domains, except for anxiety and elation/euphoria, were more prominent with increasing severity of dementia. The individual domains were also more prominent with increasing duration of dementia, except for hallucinations, anxiety, elation, and aberrant motor behaviour. Higher numbers of BPSD in advanced stages of dementia have been also demonstrated in other studies [1, 28, 33] . Moreover, similar to our study, these studies have shown that anxiety and euphoria do not follow this pattern [28, 33] . Interestingly, delusion, hallucinations, and depression were most prominent in moderate severity of dementia in our study. One possible explanation of this may be that the appearance of other more prominent BPSD in advanced dementia might falsely suppress reporting of these symptoms, e.g., severe apathy in advanced dementia may lead to underexpression of psychotic phenomenon. It could also be because of improvement of some of these symptoms either spontaneously or with medication in advanced stages of dementia.
BPSD, except for anxiety and elation, increased in severity with deterioration of activities of daily living. Other studies have also noted an association between impairment of activities of daily living and presence of neuropsychiatric symptoms [4] . In our study, overall BPSD and the domains of aberrant motor behaviour and apathy were more prominent in younger patients. An Indian study noted similarly that BPSD correlated inversely with age [10] . A meta-analysis on AD concluded that age could affect the prevalence of many BPSD, such as aggression, disinhibition, anxiety, irritability, depression, euphoria, and delusion [5] . In our study, the greater proportion of FTD in the younger patients may have led to the higher BPSD, especially aberrant motor behaviour. However, the age-related difference for some BPSD may be due to underreporting in the elderly, such as apathy. This may have been considered normal by some caregivers, as the general concept of our society is that older people are probably quieter. Males in our study showed more agitation/aggression. Other studies have shown a higher prevalence of physical aggression, aberrant motor behaviour, and apathy in men, while women displayed more anxiety, depression, and delusions; however, some studies have not shown any correlation with age or gender [3] . The excess of agitation/aggression in males may be due to the inherent gender-based psychological differences or to the genderdependent differential neuropathological involvement in dementia [34] . However, as discussed by Brodaty et al. [28] , it may be a reflection of socialised gender roles tolerating greater disruption from males.
We found no difference in BPSD with education. However, our study showed that apathy and eating disorders were more prevalent in the rural subjects. Apathy in younger subject gets noticed easily as compared to that in the old, in whom it is considered normal by society. Since our rural cohort had a higher number of younger subjects, the greater presence of apathy could be ascribed to this. However, the increased prevalence of eating disorders in the rural subjects is not explainable. More elaborate community-based studies are needed to draw a definite conclusion.
Our study demonstrated that caregiver distress increased with increasing number and magnitude of BPSD. Other studies have also shown a significant association between BPSD and high levels of caregiver distress [10, 30] , especially with delusion and agitation/aggression [31, 35] . We found, on multiple linear regression analysis, that elation/euphoria was the only individual domain of BPSD not significantly predicting caregiver distress. Elation/euphoria has been found to be less distressing in other studies also [35] . It may be that the caregivers do not feel distressed as the mood in euphoria is seemingly cheerful and the patient appears happy despite the disease. Overall, however, BPSD are a major cause of caregiver distress. Caring for a dementia patient itself being a demanding task, it is understandable that coping with the additional burden of neuropsychiatric symptoms leads to significant distress for caregivers.
Limitations of the Study
This is a clinic-based study conducted in a tertiary care hospital, which may have led to referral bias. This, along with the small sample size, limits the generalisability of the results. This being a cross-sectional study, causal relationships cannot be definitively established. We diagnosed the types of dementia based on clinical criteria supported by radiological parameters, but did not use pathological (autopsy) confirmation. However, as the criteria used were well established, we feel that they should be sufficient for all practical purposes of this clinical study.
Conclusions
In this study, BPSD were almost universally present in dementia patients, and the majority had multiple symptoms. The most frequent BPSD in our study were apathy and agitation, followed by irritability, sleep and nighttime behaviour disorders, depression, appetite and eating disorders, and anxiety, whereas disinhibition and elation/euphoria were least frequent. BPSD were most numerous in FTD followed by DLB and VaD. We observed some patterns of clustering of BPSD according to various dementia subtypes. However, other than hallucinations in DLB and aberrant motor behaviour (and to some extent disinhibition) in FTD, other symptoms of BPSD were overlapping and probably not disease specific. All BPSD domains, except for anxiety and elation/euphoria, were more prominent with increasing severity of dementia. Overall, BPSD were more prominent in younger patients. Males in our study showed more agitation/aggression compared to females. Although our study showed apathy and eating disorders to be more prevalent in patients from the rural community, this observation requires confirmation from community-based studies. This study demonstrated that caregiver distress increased with increasing number of BPSD, and elation/euphoria was the only individual domain of BPSD not significantly predicting caregiver distress.
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